Abstract Free-floating plants are important components of aquatic ecosystems in tropical climates, playing a key role in the structure and spatial distribution of fish communities. This study aims at elucidating the potential effects of free-floating vegetation on fish community structure in a tropical floodplain lake, using an experimental approach based on natural and artificial devices (Eichhornia crassipes), in high and low (LT) turbidity waters. A total of 32 fish species were found, richness, abundance, biomass, mean fresh body weight, and standard length were all significantly higher in the LT regions.
Introduction
Aquatic plants play a fundamental role in freshwater ecosystems by affecting biological interactions, several physical and chemical processes, with potential influences for the entire ecosystem functioning (Carpenter & Lodge, 1986; Jeppesen et al., 1997) . For example, submerged macrophytes directly compete with phytoplankton for resources (light and nutrients), provide refuge for zooplankton and influence fish community structure generating several feedback mechanisms that promote clear water regimes in shallow lakes (Scheffer & Carpenter, 2003) . In contrast, the role of larger freefloating plants (e.g., Eichhornia, Pistia or Pontederia spp.) is still poorly understood (Meerhoff et al., 2003; Meerhoff & Mazzeo, 2004; Bicudo et al., 2007; Meerhoff et al., 2007a, b; Teixeira-de Mello et al., 2009) , particularly regarding the biological interactions among free-floating plants, zooplankton and fish (Carniatto et al., 2012; Evangelista et al., 2014; MontielMartínez et al., 2015) and the consequences at an ecosystem level (Sanseverino et al., 2012) .
Free-floating plants are capable of developing very high biomass and covering large areas in subtropical and tropical lakes, with important consequences for the whole ecosystem functioning. Dominance of freefloating plants generate anoxic and dark conditions and promote phosphate and ammonium release from sediments, affecting biological communities and causing extensive fish kills (Miranda et al., 2000; De Tezanos Pinto & O'Farrell, 2014) . These effects tend to be less drastic when free-floating plants occupy only the littoral zone, but they may still have important consequences for the whole ecosystem (Villamagna & Murphy, 2010) . In this later case, free-floating plant beds have been reported to host higher abundances and a higher diversity of fish species in floodplain rivers (Agostinho et al., 2007) , floodplain lakes (Scarabotti et al., 2011; Gomes et al., 2012) , and shallow lakes (Meerhoff et al., 2003 (Meerhoff et al., , 2007a Pacheco & Da-Silva, 2009; Teixeira-de Mello et al., 2009) , also influencing the feeding habitat of fishes (Sazima & Zamprogno, 1985; Padial et al., 2009; Ximenes et al., 2011) . Moreover, when wind or flooding promote the movement of floating mats of Eichhornia crassipes, these ''moving islands'' may transport the smaller fish sheltered in their roots (Sazima & Zamprogno, 1985) . Thus, when freefloating plants are present but not dominant in a lake they might be exerting an important role on ecosystem functioning through their effect on fish communities.
Fish communities can also be affected by physical in-lake factors, such as temperature, turbulence, and water transparency (Stoner, 2004) , which modulate their habitat use and activity levels. Low water transparency may differentially influence species composition, trophic, and size groups of fish communities. For example, turbidity can positively affect larval fish and planktivorous fishes. These fishes have a short visual field and attack distance, and thus, under higher turbidity conditions they could hide better and get closer to their prey and have a higher chance of effective catches (Utne-Palm, 2002; De Robertis et al., 2003) . Additionally, piscivorous fishes, which have a larger attack distance, might be negatively affected by high turbidity conditions, what will reduce prey pressure on the smaller fishes (Aksnes & Giske, 1993; Pekcan-Hekim & Lappalainen, 2006) . Freefloating plants and relevant spatial gradients of turbidity levels co-occur in ecosystems from tropical floodplains, leading to complex interaction among free-floating plants, turbidity, and fish communities.
In this paper, we experimentally evaluated the role of free-floating plants on shaping fish communities in two contrasting water transparency scenarios. To distinguish structural effects from other types of interactions between aquatic plants and fish assemblages, our experimental design considered both natural and artificial substrates. Briefly, we aimed to answer: (i) what is the role of floating plants in fish community structure in a tropical lake? (ii) how does water transparency modify fish community structure in floating plants? and (iii) is the effect of floating vegetation mostly structural or do effects differ between natural and artificial plant mats?
Methods

Study area
The Brazilian Pantanal is an extensive wetland area (*140,000 km 2 ) spanning the states of Mato Grosso and Mato Grosso do Sul, in central South America. This wetland is located at a large intra-continental depression drained by the Paraguay River (Junk et al., 2011 (Junk et al., , 2014 , with a hydraulic gradient varying from 0.7 to 6.5 cm km -1 (Ponce, 1995) . The area contains a large number of shallow lakes with seasonal (recurring) water level fluctuations. The complex hydrography of the region, together with the geomorphologic and edaphic heterogeneity, shapes a patchwork of landscapes with different hydrological conditions (PCBAP, 1997) . The annual flood pulse results in an extensive area covered by 0.4-1.0 m high water levels, depending on the proximity to main rivers or associated streams. The regional tropical climate is warm and wet during summer, and mild-cold and dry during winter (Koeppen Aw updated in Kottek et al. 2006) , with a total annual precipitation ranging from 800 to 1,600 mm and a mean annual temperature of 27°C (PCBAP, 1997) . The high water level phase comprises the period between February and April, while the low water phase occurs between July and October.
The present study was conducted in Sinhá Mariana, a shallow lake located in the northern region of the Pantanal (16 o 20 0 S, 55 o 54 0 W, Mato Grosso State, Brazil), on the left bank of the Cuiabá River, a tributary of the Paraguay River, one of the main rivers in the Paraná watershed. Sinhá Mariana is an elongated, permanent lake, with an area of 11 km 2 during the low water phase, a maximum depth of 4.7 m, and an average depth of 3.6 m (Pinto, 1999; Loverde-Oliveira & Huszar, 2007) . The morphometry of the lake is originated from an enlargement of the Mutum River channel, a clear water river with a moderate concentration of humic substances (locally referred to as ''black water''; Nunes & Da-Silva, 2009) , and is linked with the turbid (extremely high suspended matter content) Cuiabá River even during low water phases. Sinhá Mariana is also connected to the large and adjacent turbid water Chacororé Lake, forming a wide flooded area of 450 km 2 (Fig. 1) . Consequently, Sinhá Mariana has a strong turbidity gradient from east (Mutum River inlet) to west (Cuiabá River inlet/outlet). The surrounding landscape of Sinhá Mariana is flat and open and is covered by short, savanna-like vegetation subjecting the lake to constant wind action, and is predominantly used for cattle breeding. The coastal zone is covered by aquatic macrophytes, mainly Eichhornia azurea (Swartz) Kunth, E. crassipes (Martens) Solms, Pontederia parviflora Alexander, Oxycaryum cubense (Poeppig & Kunth) Lye, Panicum laxum Swartz and Neptunia cf. prostrata (Lamarck) Baillon. Experimental and sampling design During February/March 2013 (high water level period), we installed natural (n = 12) and artificial (n = 12) free-floating plant beds in open modules, in shallow (1-1.5 m depth) areas close to the littoral zone. These modules were evenly located in two different regions with high and low water turbidity levels (turbidity differences were higher than 50%, Fig. 1 ). For the selection of sites in clear and turbid waters, we considered open water zones located at least 10 m apart from the edge of natural plants beds, with a depth of approximately 1.0 m, without the presence of submerged plants. These criteria were used because differences in such conditions affect habitat structure and can therefore affect the fish community (Meerhoff et al., 2007a; Teixeira-de Mello et al., 2009; Dibble & Pelicice, 2010) . Finally, the experimental sites include similar regions in terms of fetch ( Fig. 1 ), maximizing the spatial turbidity gradients (conditioned by the main tributaries: Mutum river and Chacororé connection) without important differences in terms of wave effects. Predominant winds had between 0.5 and 3.6 m s -1 (52.5%) and a higher frequency of calms (32.5%, 0 m s -1 ), with a predominant direction ENE.
Natural and artificial plants were intercalated 10 meters apart from each other. Each plant bed (1 m diameter module) consisted of floating PVC plastic rings anchored to the bottom with a net, where natural or artificial plants where placed. The natural plant treatment consisted of 10 individuals of Eichhornia crassipes per unit, collected from surrounding floating islands. They were selected to obtain a final plant coverage of 100%. Plant roots were rinsed to remove sediments and associated fauna (fish and aquatic macroinvertebrates). The artificial plant modules were designed based on previous studies (for a full descripction see: Meerhoff et al., 2007a) and comprised 24 artificial plants shaped similar to E. crassipes external morphology. Each artificial plant consisted of a plastic plate of 18 cm diameter, with Christmas garland decorations used as ''roots''. Each plastic plate had 16 ''roots'' of 25 cm attached, with 1.5 cm long ''root hairs''. Both natural and artificial plant beds were left for 30 days for natural colonization by periphyton and macroinvertebrates before sampling. Several modules were lost due to wave and wind action (in clear and turbid regions), and also for floating island displacement, yielding a final replication of four natural and three artificial modules of turbid waters, and five replicates each for both natural and artificial modules in clear waters (n turbid = 7, n clear = 10).
Fish associated with each habitat module were sampled during nighttime (following Teixeira-de Mello et al., 2009) , with a cylindrical net (1.2 m in diameter, mesh size of 0.3 cm) attached to two small boats and dropped to the lake bottom under each plant module. The net was then quickly pulled up by moving the boats, enclosing the entire plant module and bringing it to the surface. This procedure allowed the acquisition of quantitative community information per unit area. All captured fish were euthanized using 2-phenoxi-ethanol (1 ml l -1 ), taxonomically identified to species level (Britski et al., 2007) , measured (standard length SL, cm) for analysis of individual mean body length (cm) and weighed (fresh weigh FW, g) for analysis of individual mean body weight (g) and for total biomass (g m -2
). Reference fish species was fixed in formalin 10%.
The gut of most captured individuals (158 out of 165) was dissected in the field and fixed in ethanol (95°), then the gut content was later analyzed in the laboratory. Food items were classified as ''vegetal matter'' (i.e., macrophytes ? periphyton ? algae), ''aquatic invertebrates'' (i.e., Insecta: Trichoptera and Coleoptera; Diptera: Ceratopogonidae, Chironomidae and Chaoboridae; Hemiptera; Hirudinea; Acari; Bivalvia and Nematoda), and ''other animal remains'' (invertebrate remains that could not be identified taxonomically).
The absolute volume and relative proportion of each food item in relation to each analyzed fish gut were estimated, using a binocular stereomicroscope (509) and a millimetric grid plate (assuming a fixed height of one millimeter to estimate volume content as mm 3 ). To control the effect of fish size effect on the quantity of food consumed, the consumed amount (in mm 3 ) was corrected by individual fresh weigh. The means of the absolute and relative amounts of each food type consumed in artificial and natural plant beds and in clear and turbid waters were also calculated at the individual level.
Following Teixeira-de Mello et al. (2009) , each fish was assigned to one of the following trophic groups, based on gut content composition: (a) benthivorous (more than 90% of aquatic macroinvertebrates); (b) omni-benthivorous (aquatic macroinvertebrates as main item and more than 10% vegetal matter); (c) omni-herbivorous (vegetal matter as main food item and more than 10% aquatic macroinvertebrates), herbivorous (more than 90% vegetal matter); (d) detritivorous (more than 90% of organic matter/detritus); and e) piscivorous (more than 90% fish tissue). To evaluate the trophic composition of each plant module, each sampled individual fish was assigned to the most appropriate trophic group, regardless of species.
Statistical analysis
Fish richness, abundance, biomass, trophic groups, and diet (total volume and relative volume) were analyzed using analysis of variance (two-way ANOVA), with plant type (two levels: natural and artificial) and water transparency (two levels: high and low turbidity, namely in the text as clear and turbid waters) as fixed factors. Interaction terms (transparency 9 plant type) were included in all models. Prior to the analysis, we tested the assumptions of normal distribution (Kolmogorov-Smirnoff test) and homoscedasticity of the residuals (Levene's test). In any case was necessary a numerical transformation of the data. Tukeýs post hoc (for Unequal N) tests were applied when statistically interaction were detected by the two-way ANOVA. The size class was analyzed considering the cumulative mean of the relative abundance of each size class.
Cluster analysis was used to explore (dis)similarity patterns in fish species composition and abundance (ind m -2 ) among the treatments. The Jaccard similarity index, with a paired group algorithm, was used for species composition (presence-absence) matrices. The Bray-Curtis similarity index, with a paired group algorithm, was applied to the species composition and abundance (ind m -2 ) matrix. The statistical significance of (dis)similarities between the four possible combinations of treatments (natural and artificial, clear, and turbid waters) was tested using one-way analysis of similarity (one-way ANOSIM), with 9.999 permutations, using a sequential Bonferroni correction. All data analyses were performed using the PAST software (Hammer et al., 2001) .
Results
A total of 32 fish species were captured. Fish assemblages within the plant beds were characterized by the occurrence of small bodied individuals (4.6 cm ± 0.2 SE), belonging to 24 small species, or juveniles of larger species (8 spp: Hypostomus sp., Leporinus friderici, Leporellus vittatus, Pimellodus maculatus, Rhinelepis sp., Schizodon borelli, Serrasalmus maculatus, and Synbranchus marmoratus; Fig. 2) .
Only eight of the sampled species were shared between the two zones (clear and turbid waters), but with different abundances (Fig. 2) . Six species were exclusively captured in the turbid water zone, while 18 were caught in the clear water zone (Fig. 2 and Appendix I, Supplementary material). Differences in species composition were less evident for each plant type, 14 species were only captured in natural plants, and 7 species only in artificial plants. Finally, 11 species were shared between both plant types (Appendix I, Supplementary material).
Regardless of plant type, the cumulative means of the relative abundances of size classes showed that the smaller bodied fishes (B5 cm SL) comprised 96% of the individuals sampled in turbid waters, while they represented only 63.4% of the individuals in clear waters. Thus, a higher mean body length was found for the clear water environments (Fig. 3) . The proportion of smaller bodied fishes did not vary significantly between natural and artificial plants, at either turbid or clear waters (100 vs. 93.8% and 64.4 vs. 60.5%, respectively).
Significantly higher species richness, abundance, biomass, mean individual body fresh weight, and mean body length were found in clear versus turbid waters, regardless of substrate type (Table 1) . Significant differences between natural and artificial plants, however, were found only for fish biomass in clear waters (Table 1 ).
Significant differences between clear and turbid water communities were also found for fish species composition (R anosim = 0.69, P \ 0.0001) and species composition and abundance (R anosim = 0.74, P \ 0.0001). Moreover, significant differences in species composition and abundance were detected between natural and artificial plants in clear water (pairwise comparison, P \ 0.05). In turbid waters, significant differences between plant type were only registered for fish species composition (pairwise comparison, P \ 0.05; Fig. 4) .
Dietary analysis evidenced the presence of four trophic groups (benthivorous, herbivorous, omni-benthivorous, and omni-herbivorous), while detritivorous and piscivorous fishes were absent within the plant beds. Moreover, zooplankton was not found as a food resource for the sampled fish. The benthivorous trophic group was the most abundant group, with higher abundance (two-way ANOVA, F = 11.13, P \ 0.01) and biomass in clear than in turbid waters (two-way ANOVA, F = 14.42, P \ 0.01). No statistical differences between natural and artificial plant types were observed (Table 2) . Remarkably, individuals belonging to the same species were often sorted into different trophic groups according to their gut content, a pattern observed for several species (Table 3) .
Main food items included Insecta (recognizable plus animal remains) and vegetal material (macrophytes and periphyton, Table 4 ). The variety of food items was higher in clear waters than in turbid waters (11 vs. 7, respectively) . The higher fish abundance and biomass registered for clear water conditioned the observed higher amount of total food, animal (recognizable plus animal remains) and vegetal food items in comparison with the turbid water values (two-way ANOVA, F = 4.98, P \ 0.05). However, when the food amount was expressed as a function of individual fish biomass, no differences between clear and turbid waters or between artificial and natural plants were detected (Table 4) .
Discussion
This study confirmed the structural role of freefloating plants on shaping fish communities, offering refuge to smaller bodied fish species and younger specimens of larger species, in both turbid and clear waters. Fish richness, abundance, biomass, and individual body length were all higher in clear water environments. The field experiment confirmed that the free-floating plant beds host a high abundance and diversity of fish species as previous references indicated for different freshwater ecosystems (Meerhoff et al., 2003; Agostinho et al., 2007; Meerhoff et al., 2007a; Pacheco & Da-Silva, 2009; Teixeira-de Mello et al., 2009; Scarabotti et al., 2011; Gomes et al., 2012) .
Water turbidity also affects the fish community structure in the pelagic zone. Pelagic fish communities showed a notorious difference in species composition, abundance and size distribution between clear and turbid waters (Teixeira-de Mello, unpublished data, Appendix II). Additionally, the pelagic community was completely different from the community collected below the free-floating plants in clear as well as turbid conditions. Considering that the pelagic and plant-bed communities only shared single species, and the higher diversity of fish species observed in plant beds in comparison with the pelagic zone (32 vs. 12, respectively), we can support the strong physical effect of free-floating plants on the fish community. Moreover, considering that we recorded the same number of species for clear and turbid pelagic waters, the effect of floating plants on species richness was stronger in clear water conditions. In terms of abundance, a similar pattern was found. However, the effect of plant beds on the mean fish body size (cm) was higher in turbid than in clear waters. In turbid waters, fishes were five times larger in the pelagic zone than in plant beds (see Tables 1 and 4 ). In this sense, the pelagic fish community in turbid waters had a strong contribution of piscivorous fishes (50%) that could explain the absence of small fishes in turbid pelagic zones, contrasting the higher abundance observed in clear waters.
The experimental results allows us to hypothesize that the use of plants by small fish species is a potential mechanism for avoiding predation, and can be affected by water turbidity. Previous studies have suggested that turbidity per se can provide a shelter effect for fish communities in temperate (Pekcan-Hekim & Lappalainen, 2006 ) and subtropical systems (Gelós et al., 2010) . Furthermore, smaller-sized individuals were found in the turbid module indicating that smaller bodied individuals also prefer to occupy the plant beds in supposedly safer zones created by the higher turbidity.
Free-floating macrophytes have also been reported as a feeding habitat for fishes, due to the presence of diverse food items (Sazima & Zamprogno, 1985; Padial et al., 2009; Ximenes et al., 2011) . According to the gut contents found in the present study, the hypothesis that the fish community is feeding within the plant beds is also supported. In both turbid and clear waters, fish fed mainly on aquatic macroinvertebrates associated with the aquatic plants, but also on vegetal material, mainly periphyton on both artificial and the natural plants. In addition, water transparency had no effect on the amount of food consumed per fish biomass, or on trophic group composition. These results agree with the idea that the food available within macrophytes beds is a second mechanism affecting the use of these plants by small fishes. Our results demonstrated the clear importance of macroinvertebrates as a food source in this tropical system, and according to previous results, the amount of macroinvertebrate intake by fishes was not necessarily affected by the turbidity (Figueiredo et al., 2015) . Our data also confirmed that an omnivorous feeding behavior seems to be common, as previously suggested (González-Bergonzoni et al., 2012) , even when considering only .8 ± 6.1 6.1 ± 4.1 7.9 ± 3.5 0.9 ± 0.9 0.6 ± 0.4 0.8 ± 0.5
Omni-benthivorous 2.7 ± 2.7 4.6 ± 2.9 3.7 ± 1.9 2.4 ± 2.2 0 1.4 ± 1.3
Omni-herbivorous 2.2 ± 2.0 2.6 ± 1.7 2.4 ± 1.2 0.1 ± 0.1 0 0.03 ± 0.03
Mean ± 1SE of natural and artificial plants * Indicates P \ 0.05 significance in the two-way ANOVA. Significant (P \ 0.05) differences between groups are shown by different letters (A and B) the fish community composition associated with the plants beds. The remarkable differences in fish abundance and biomass in plant beds (between clear and turbid regions) indicate that total food consumption was higher in clear waters, affecting the total periphyton consumption, and increasing the predation pressure on macroinvertebrates.
Contrary to our expectations based on previous works in shallow lakes predicting that high-temperature, plant-associated fish communities might be characterized by higher abundances and smaller-sized individuals, we observed that fish abundance was lower and fish body length larger here than in subtropical systems (Teixeira-de Mello et al., 2009 ). However, this difference can be explained by the absence of Cyprinodontiformes species, for instance Cnesterodon decemmaculatus (Jenyns, 1842), which were not registered in the present study. These species may contribute significantly to both lower body length and higher abundance estimations in subtropical shallow lakes (Teixeira-de Mello et al., 2009) . The absence of Cyprinodontiformes can be explained by biogeographical aspects and also can be affected by local environmental aspects as the higher connectivity of this shallow lake with fluvial systems.
Final remarks
We found experimental evidence that the spatial water turbidity gradients and the free-loating plants have a strong impact on the fish community structure by several mechanisms: offering refuges and support food resources.
Our study demonstrates the usefulness of artificial plants for experimental purposes, as already suggested by Meerhoff et al. (2007a) , particularly for analyzing the architectural effect of plants on fish community traits, such as trophic group composition, fish body length, species richness, and species abundance. However, species composition differed between natural and artificial plants when water transparency was high, suggesting that fish species can select natural or artificial substrates when the visibility was considerable. Therefore, artificial plants modules should be used with caution in community composition studies, particularly in highly diverse systems. To our knowledge, the present work provides the first comparison of artificial and natural free-floating plant experiments in freshwater ecosystems, and the results are rather promising. We encourage testing of this approach in other systems in order to further establish it applicability for distinguishing between structural effects and other types of interactions between aquatic plants and fish communities. 
